Identification of the active site of phosphoribosyl-dephospho-coenzyme A transferase and relationship of the enzyme to an ancient class of nucleotidyltransferases.
Malonate decarboxylase from Klebsiella pneumoniae contains an acyl carrier protein (MdcC) to which a 2'-(5' '-phosphoribosyl)-3'-dephospho-CoA prosthetic group is attached via phosphodiester linkage to serine 25. We have shown in the preceding paper in this issue that the formation of this phosphodiester bond is catalyzed by a phosphoribosyl-dephospho-coenzyme A transferase MdcG with the substrate 2'-(5' '-triphosphoribosyl)-3'-dephospho-CoA that is synthesized from ATP and dephospho-coenzyme A by the triphosphoribosyl transferase MdcB. The reaction catalyzed by MdcG is related to nucleotidyltransfer reactions, and the enzyme indeed catalyzes unphysiological nucleotidyltransfer, e.g., adenylyltransfer from ATP to apo acyl carrier protein (ACP). These unspecific side reactions are favored at high Mg(2+) concentrations. A sequence motif including D134 and D136 of MdcG is a signature of all nucleotidyltransferases. It is known from the well-characterized mammalian DNA polymerase beta that this motif is at the active site of the enzyme. Site-directed mutagenesis of D134 and/or D136 of MdcG to alanine abolished the transfer of the prosthetic group to apo ACP, but the binding of triphosphoribosyl-dephospho-CoA to MdcG was not affected. Evidence is presented that similar to MdcG, MadK encoded by the malonate decarboxylase operon of Malonomonas rubra and CitX from the operon encoding citrate lyase in Escherichia coli are phosphoribosyl-dephospho-CoA transferases catalyzing the attachment of the phosphoribosyl-dephospho-CoA prosthetic group to their specific apo ACPs.